Abstract The direct three-component condensation of 6-aminouracil, 6-amino-2-thiouracil or 6-amino-1,3-dimethyluracil, with arylaldehydes and malononitrile to generate a series of pyrido [2,3-d]pyrimidine derivatives has been carried out over nanocrystalline MgO with high efficiency in water as a green solvent at 80°C. The morphology and structure of the nanocrystalline MgO were characterized by scanning electron microscopy, transmission electron microscopy and X-ray diffraction. The results confirmed the nanocrystalline MgO particle size is approximately 50 nm. This methodology offers significant improvements for the synthesis of pyrido [2,3-d]pyrimidine derivatives with regard to the yield of products, simplicity in operation, and green aspects by avoiding toxic catalysts and solvents.
Background
MgO is a particularly interesting material, since it has been the subject of extensive theoretical and experimental surface science studies. It exhibits optical properties and architectures and can be synthesized in a variety of presentation formats, including nanosheets and nanoparticles [1] . Nano-MgO particles are attractive catalysts because of the large surface area they present. Nanocatalysts are considered to be a bridge between homogeneous and heterogeneous catalyst [2, 3] . Pyrido [2,3-d] pyrimidines are annulated uracil which have received considerable attention over the past years due to their wide range of biological and pharmacological activities such as antitumor [4] , antihypertensive and hepatoprotective [5] , cardiotonic [6] and antifolate [7] . Uracil derivatives are versatile building blocks for the synthesis of nitrogen-containing heteroaromatic species of biological importance [8] . Pyrazolopyridines [9] , pyramidopyrimidines [10] , pyridopurines [11] , pyrazolopyrimidines [12] and xanthine derivatives [13] have all been prepared by the functionalization of uracil derivatives. The diverse range of biological activities of uracil derivatives in parasitic chemotherapy has stimulated considerable interest in their synthesis. Therefore, a number of reports have appeared in the literatures such as palladium-catalyzed oxidative coupling [14] , nucleophilic-induced ring transformation [15] , KF-Al 2 O 3 [16] , L -proline [17] , triethylbenzylammonium chloride (TEBAC) [18] , diammonium hydrogen phosphate (DAHP) [19] and tetra-n-butyl ammonium bromide (TBAB) [20] . Most of these reported methods require a forcing conditions, high temperature, long reaction times and complex synthetic pathways. Thus new routes for the synthesis of these molecules have attracted considerable attention in search for a rapid entry to these heterocycles. Herein, nanocrystalline MgO has been successfully applied to perform the reaction of 6-aminouracil, 6-amino-2-thiouracil or 6-amino-1,3-dimethyluracil with malononitrile and aldehydes in water at 80°C to provide a series of pyrido [2,3-d] pyrimidine derivatives in high yields (Scheme 1).
Methods
The nanocrystalline MgO was purchased from Tecnan Spanish Company. The crystalline structure of the powders was investigated by X-ray diffraction (INEL Equinox) with Cu-Ka, radiation, l = 0.1541874 Å radiation. The surface area of nanocrystalline MgO was observed using N 2 adsorption-desorption isotherms with surface analyzer equipment at 77 K. The size and morphology of the nanocrystalline MgO were determined using a transmission electron microscope (TEM, Philips EM208) and a scanning electron microscope (SEM, Philips 9l30). The NMR spectra were recorded in DMSO-d 6 with TMS as an internal standard on a Bruker Avance DRX 400 MHz spectrometer. FT-IR spectra were determined on an SP-1100, P-UV-Com instrument. The products were characterized by FT-IR, 1 H NMR, 
General synthesis of pyrido[2,3-d]pyrimidines
A mixture of aromatic aldehyde (1 mmol), 6-aminouracil, 6-amino-2-thiouracil or 6-amino-1,3-dimethyluracil (1 mmol) and malononitrile (1 mmol) in the presence of nanocrystalline MgO (0.25 mmol) was stirred in water (5 ml) at 80°C for the appropriate time, as shown in Table 1 . Completion of the reaction was indicated by TLC monitoring. The nanocrystalline MgO was filtered off and the reaction mixture was cooled to ambient temperature, and the crude solid residue was recrystallized from ethanol and water to afford pure crystals of the proper pyrido [2,3- (Fig. 2) . (Fig. 4) . (Fig. 6 ). (Fig. 8) . (Fig. 10) . (Fig. 14) . (Fig. 16 ).
Results and discussion
The powder X-ray diffraction pattern of nanocrystalline MgO is shown in Fig. 17 . All the diffraction peaks matched well with the face centered cubic structure of periclase MgO (JCPDS No. 87-0653). The major peaks at 2h values of 37.18, 43.08, 62.48, 74.88 and 78.68 can be indexed to the lattice planes of (111), (200), (220), (311) and (222) respectively.
The surface and textural morphology of the product was studied by SEM analysis. A closer view reveals that most of the nanocrystals have uniform diameter (Fig. 18) .
The particle size was also examined using TEM. Figure 19 displays TEM micrographs of nanocrystalline MgO, revealing that the particle size is approximately 50 nm.
From BET analysis, the specific surface area of nanocrystalline MgO sample was found to be 63.32 m 2 /g. A variety of pyrido [2,3-d] pyrimidines was prepared from arylaldehydes, 6-aminouracil, 6-amino-2-thiouracil or 6-amino-1,3-dimethyluracil and malononitrile in the presence of nano-MgO in water at 80°C in excellent yields ( [21] . The Lewis base moiety of the catalyst activates the methylene group of malononitrile. The carbonyl oxygen of aldehyde coordinates with the Lewis acid moiety increasing the electrophilicity of the carbonyl carbon and thereby making it possible to carry out the reaction in short time. In a plausible mechanism, it is assumed that the reaction may proceed initially through the Knoevenagel condensation It is notable that the bulk MgO shows lower catalytic activity than nanocrystalline MgO in this reaction and the products were obtained with lower yields and longer time. The high efficiency of the nanoparticle oxides is caused not only by their high surface area but also by the high concentration of low-coordinated sites and structural defects on their surface [22] .
It is noteworthy to highlight that the nanocrystalline MgO could be recovered and reused without a significant loss of activity as illustrated in Table 2 . After completion of the reaction, the product was extracted with ethyl acetate from the reaction mixture, and nanocrystalline MgO catalyst was separated out by centrifugation and the recovered catalyst was washed with ethanol followed by drying in an oven at 100°C and reused as such for the subsequent reactions with fresh batch of reactants up to 5th run with only a slight loss its activity.
Conclusions
We have developed a simple, clean, efficient and one-pot procedure for the synthesis of pyrido [2,3-d] pyrimidines by the three-component condensation of aromatic aldehyde, 6-aminouracil, 6-amino-2-thiouracil or 6-amino-1,3-dimethyluracil and malononitrile using nanocrystalline MgO at 80°C in water as a green solvent. Simple performance and work-up procedure and high yields are some of advantages of this method. Also, nanocrystalline MgO is recyclable and could be reused without significant loss of activity.
